A 33-year-old man was evaluated in the clinic for a 9-month history of low back pain. The pain was dull and low grade, worse with activity, occasionally waking him at night. He had no history of antecedent trauma. He had no radiation of pain, focal neurologic symptoms, balance difficulties, or difficulties with fine motor tasks. He had tried aspirin with variable relief, and acupuncture and chiropractic care with no significant improvement. He had no medical conditions, never had spine surgery, and never smoked. He exercised daily doing weight lifting and martial arts, with which his back pain interfered.
palpation in his midlumbar spine. The patient had normal strength and ROM, and sensation was intact to light touch throughout. He had normal deep tendon reflexes and no long tract signs. He had normal gait and station.
AP and lateral plain films ( Fig. 1 ) of the lumbar spine were obtained initially, followed by CT ( Fig. 2) and MRI (Fig. 3) ; the latter tests were ordered owing to the findings we observed on the plain radiographs.
Based on the history, physical examination, and imaging studies, what is the differential diagnosis?
Imaging Interpretation AP ( Fig. 1A) and oblique ( Fig. 1B ) radiographs of the lumbar spine showed a 2-cm solitary, round bone density mass in the posterior elements of the L4 vertebra. No periosteal reaction or notable osseous erosion was apparent on the plain films. The mass appeared as dense bone in the medullary space of its larger host bone. Axial ( Fig. 2A ) and sagittal ( Fig. 2B ) CT images showed a discrete lytic, expansile lesion with a sclerotic rim in the posterior elements of L4 with extension into the laminae and spinous process of L4. The cortical bone surrounding the lesion was thinned in a scalloped, undulating pattern. Sagittal T1-weighted ( Fig. 3A ) and T2-weighted ( Fig. 3B ) MR images showed a discrete, expansile lesion of primarily high signal intensity, outlined by a low signal intensity rim consistent with bony sclerosis. The lesion showed low signal intensity on short tau inversion recovery (STIR) imaging ( Fig. 3C ) with high signal in the adjacent interspinous ligaments. The lesion extended into the laminae and spinous process of L4 but did not involve the facet joints or extend anterior to the ligamentum flavum.
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Differential Diagnosis

Vertebral hemangioma Aneurysmal bone cyst Langerhans cell histiocytosis Fibrous dysplasia Giant cell tumor
Osteoblastoma Osteosarcoma
To help establish the diagnosis, the patient underwent an open excisional biopsy of the L4 lamina and spinous process.
Based on the history, physical examination, imaging studies, and histologic appearance, what is the diagnosis and how should the patient be treated? 
Histology Interpretation
By light microscopy, sections of the L4 posterior elements showed a fibroosseous lesion. The tumor was composed of fibrous tissue with irregular deposition of woven bone trabeculae. The woven bone appeared to arise directly from the fibrous tissue and lack prominent osteoblastic rimming ( Fig. 4 ).
Diagnosis
Monostotic fibrous dysplasia of the L4 lumbar spine
Discussion and Treatment
Based on the results of imaging studies and histologic analysis, our patient was diagnosed with monostotic fibrous dysplasia. Our patient's imaging results were characteristic of fibrous dysplasia. Plain radiographs showed a dense bony mass in the medullary space of the posterior elements, often termed a bone-within-a-bone lesion. CT showed an expansile osteolytic lesion with thinning of the cortical bone in a scalloped pattern without breakthrough. MRI showed high signal intensity in the lesion with a dark signal rim on T1-and T2-weighted sequences. The definite diagnosis of fibrous dysplasia was made by histologic analysis showing bland proliferation of fibrovascular stroma in the marrow space with curvilinear trabeculae of woven bone formation.
Vertebral hemangiomas are benign, highly vascular lesions of the vertebral body or posterior elements, most often involving the thoracic spine, but not uncommonly seen in the lumbar spine [30] . Although the majority are found incidentally and are asymptomatic, half of the patients with symptomatic vertebral hemangiomas present with pain alone [13, 27] . Mottled increased signal intensity on T1-and T2-weighted sequences and flow void areas in the vertebral body are characteristic of vertebral hemangiomas on MRI. Vertebral hemangiomas are more commonly seen in the vertebral body than the posterior elements and are composed of vascular proliferation, which was not seen in this patient [30] . Aneurysmal bone cysts are benign, expansile vascular lesions consisting of multiple blood-filled spaces. Aneurysmal bone cysts represent 15% of primary spine tumors and often are found in the lumbar spine and in the posterior elements [21, 28, 35] . Aneurysmal bone cysts usually appear as sharply circumscribed radiolucent lesions on plain films, with fluid-fluid levels and an eggshell thin cortical rim on advanced imaging modalities [37] . By light microscopy, aneurysmal bone cysts are characterized by blood filled cystic spaces separated by fibrous septa that are composed of plump fibroblasts, osteoclastlike giant cells, and reactive woven bone formation, which were absent in our patient [21, 28] . Langerhans cell histiocytosis is a benign proliferation of histiocytes mostly seen in patients younger than 20 years [2] . Langerhans cell histiocytosis affects the spine in 6.5% of cases, predominantly the cervical spine, and more commonly in the vertebral body [15] . Radiographically, lytic lesions often are seen, with or without a sclerotic rim. Vertebra plana is seen occasionally on plain films [15] , and sheets of Langerhans cells with an inflammatory infiltrate including eosinophils, histiocytes, and giant cells are seen histologically, which were not present in our patient [20] . Giant cell tumors of the spine occur predominantly in the sacrum, but they can be found in the lumbar spine [22] . Although giant cell tumors are benign tumors, they have a 5% rate of local recurrence after wide resection and a 25% recurrence rate after intralesional curettage [5, 16, 22] . On MRI, an expansile mass with cystic changes typically is seen owing to intratumoral hemorrhage [17] , but definitive diagnosis is made histologically by sheets of round mononuclear cells with uniformly interspersed multinucleated osteoclast-type giant cells [19] . None of these features were present in our patient. Osteoblastoma is a benign bone-forming tumor, commonly seen in the posterior elements of the spinal column, most frequently in the lumbar spine [4, 31] . On imaging, osteoblastomas exhibit lytic and sclerotic features, frequently a lytic area surrounding an ossified core, which may be better observed on advanced imaging modalities such as CT or MRI [4] . CT and MRI of osteoblastomas may show a shell of reactive periosteal bone and edema and atrophy of surrounding soft tissues. Although it is difficult to rule out osteoblastoma on our patient's clinical imaging, osteoblastoma is histologically composed of woven bone with prominent osteoblastic rimming, separated by loose fibrovascular stroma [15] ; in contrast, our patient exhibited predominant fibrous proliferation with focal bone formation without prominent osteoblastic rimming. Although our patient's imaging studies showed no malignant features of bony destruction or aggressive periosteal reaction, a low-grade osteosarcoma was in the differential diagnosis. Osteosarcomas of the vertebral column are rare, comprising only 1.2% of osteosarcomas in patients younger than 24 years; however, the relative prevalence of vertebral osteosarcomas increase with age to 3.8% in patients 25 to 59 years and 4.9% in patients older than 60 years [26] . Histologically, high-grade osteosarcomas are composed of obviously malignant neoplastic cells that produce bone. Low-grade osteosarcomas can mimic fibrous dysplasia but can be differentiated by more cytologic atypia by the spindle-shaped cells and infiltrative growth pattern. None of these features were seen in our patient.
Fibrous dysplasia is a rare, sporadic neoplasm of bone caused by a postzygotic, mosaic-activating mutation of the Gs alpha gene on chromosome 20, leading to increased levels of downstream cyclic adenosine monophosphate [9, 34, 36] . Clinical manifestations vary, with monostotic fibrous dysplasia being the most common, followed by polyostotic fibrous dysplasia, and finally by McCune-Albright syndrome, which is polyostotic fibrous dysplasia with associated café au lait spots and endocrine abnormalities [3, 10, 36] . The mean age at presentation for all forms of fibrous dysplasia is 10 years, but the less severe, monostotic form can present later in adulthood [3, 10] . Mancini et al. reported monostotic fibrous dysplasia presented at a mean age of 16.9 years (range, 7-42 years) [23] .
Monostotic fibrous dysplasia of the spine is rare. There have been only 27 cases reported, with 12 of them involving the cervical spine [30] . Edgerton et al. [10] reviewed 155 cases of monostotic fibrous dysplasia and found only two (1.3%) to involve the spine; Dahlin and Unni [8] reviewed 418 such cases and found only six (1.4%) to involve the spine. As such, the natural history of monostotic fibrous dysplasias is poorly understood [8, 10, 12] . The most common presenting symptom of monostotic fibrous dysplasia is pain alone, often chronic and occasionally nocturnal [36] , as described by our patient. Patients occasionally present with neurologic symptoms resulting from nerve root compression by the expanding fibrous dysplasia [1, 14, 25, 32, 35] . Pathologic fracture of the spine is rare [24, 33] , and there has been only one case report of spinal cord compression from monostotic fibrous dysplasia [33] . Scoliosis has been shown to result from spine involvement of McCune-Albright syndrome in 41.6% of cases and from polyostotic fibrous dysplasia of the spine in 11.1% of cases, but monostotic fibrous dysplasia has not been associated with scoliosis [23] . Sarcomatous transformation of fibrous dysplasia is rare, with a lifetime risk of 0.5%, although this may be a highend estimate given many cases of fibrous dysplasia may remain asymptomatic; the most commonly developed sarcoma is osteosarcoma, followed by fibrosarcoma [10] . Malignant transformation of monostotic fibrous dysplasia is even more rare [11] .
Radiographic findings of fibrous dysplasia of the spine were reviewed in detail by Park et al. [29] . Radiographically, fibrous dysplasia of the spine shows a lytic and expansile lesion, with thinning of the cortical bone in a scalloped, undulating pattern owing to endosteal erosion, but without cortical disruption. Ground glass opacities are commonly seen in fibrous dysplasia of the spine, but were not clearly present in our patient. MRI usually exhibits a dark signal rim consistent with peripheral bony sclerosis. Although decreased signal intensities may be expected on MRI because of the presence of fibrous tissues, signal intensities on T1-weighted and T2-weighted MR images have been shown to be nonspecific in fibrous dysplasia [29] .
Treatment options for monostotic fibrous dysplasia of the spine range from biopsy and observation [12, 32, 36] to surgical curettage and bone grafting [3, 14, 36] . In one patient with spinal cord compression, the patient was treated with posterior resection, instrumentation, and fusion with relief of pain and neurologic symptoms [33] . In asymptomatic patients, biopsy and observation are reasonable alternatives to surgery [36] . There is increasing evidence for the use of bisphosphonates to treat bone pain in patients with fibrous dysplasia. Bisphosphonates have been shown to be more effective than NSAIDs, narcotics, or alternative treatments for pain in these patients [3, 6, 18] . The use of percutaneous kyphoplasty was reported in a patient with multiple pathologic compression fractures of the thoracic spine from polyostotic fibrous dysplasia and may be a viable option for pain relief and rapid stabilization in patients with monostotic fibrous dysplasia with pathologic fractures [7] .
Our patient elected to undergo open biopsy and surgical resection, given his pain. At last followup, 2 months after surgery, the patient had no complications and minimal pain. He had resumed swimming and light exercises. There was no clinical or radiographic evidence of recurrence, and in our experience, surgical resection has been curative for patients with monostotic fibrous dysplasia of the spine, however, we will continue to follow the patient annually.
